III. " An Investigation of a Case of Gradual Chemical
Change (A b stra c t.)
The case of g rad u a l chem ical change w ith w hich th e p rese n t investi gation deals is th a t betw een h ydrogen chloride a n d potassium chlorate, a n d also its reaction w ith hydrogen chlorate w h e th e r alone o r in pre sence of potassium chloride.
W h e n d ilu te solutions of a chlorate (as fo r instan ce potassium chlorate) a n d h y d ro g en chloride are m ixed to g e th e r, th e liq u id slowly acquires a chlorous sm ell, a n d th e re is a g ra d u a l lib e ra tio n of oxidising m aterial, chlorine, and oxides of chlorine. T hese im m ed iate products cannot easily be inv estig ated , fo r if th e m ix tu re is le ft to itself so th a t th ey accum ulate in it, th e g ra d u a l reactio n first observed is stopped, a n d th ere ensues decom position of th e u su al com plex nature of these unstable solutions of ch lo rin e an d its oxygenated com pounds.
B u t if a sm all q u a n tity of p otassium iodide is p re s e n t i t will he decomposed b y these substances, and iodine w ill b e gradually lib erated as th e final p ro d u c t of th e reactio n we have m entioned. Now M essrs. H a rc o u rt and Esson, in th e ir w ork on a gradual chem ical change, m easu red th e ra te a t w h ic h iodine w as lib e rate d in a liq uid by a scertain in g th e tim e ta k e n fo r a know n q u a n tity of sodium th io su lp h ate added to th a t liquid to be e n tire ly decomposed. A sm all q u a n tity of sta rc h solution w as added a t th e sam e tim e, and served as th e signal of th e presence of fre e iodine, w hich m e a n t that th e m easured q u a n tity of sodium th io su lp h ate was exhausted. The observation to be m ade w as of th e in te rv a l of tim e w hich elapsed betw een th e a d d itio n o f th e th io su lp h ate a n d th e first appearance of a blue sta rc h coloration.
The sam e m easurem ent a n d th e sam e signal served o u r purpose. T he first obvious difference betw een th e tw o reactions is th a t, whereas in th e form er one (betw een hydrogen dioxide a n d h ydrogen iodide) iodine was th e p rim a ry result, in th e la te r one i t is a secondary result. This proved an u n im p o rta n t difference. T he secondary reac tion betw een potassium iodide an d th e resu lts of th e first is, by com parison, instantaneous. B u t a n o th er difference is of g re a t im portance. I n th e ir reaction th e ra te of decom position became g rad u a lly slower, as one of th e substances rea c tin g continued to decrease sensibly in am ount, and finally disappeared. In th is reaction th e am ount of each substance decomposed bears a n infinitely small ratio to the am ount of each p re s e n t; th e composition of th e m ixture thus remains practically unchanged, and the rate of decomposition in each m ixture is constant. Each experim ent th e n is b ro u g h t to an arbitrary close as soon as th e constant velocity has been determ ined by the observation of a few intervals. The subjects of investigation w e re : the comparison of the velocities in different m ixtures, and th u s the establishm ent of laws connecting variation in velocity w ith v a ria tion of each of the ingredients.
In a large num ber of experim ents hydrogen chlorate was used. M ix tures of dilute solutions of the two acids, chloric and hydrochloric, were made in various proportions ; being arranged in several series in each of which the am ount of one of th e acids present was varied in a rith metical progression, and th e effect upon th e ra te investigated. Then the effect of the presence of certain quantities of potassium chloride upon the rate was observed, for the purpose of connexion w ith a new series of experiments. I n these potassium chlorate and hydrogen chloride were used, and series fo r variation of one of the ingredients taken as before. The effect of v arying the quantity of potassium iodide present and th a t of varying th e tem peratures w ere also observed.
The results may be th u s briefly sum m arised :-Variation in Hydrogen Chlorate.-The rate varies w ith th e am ount of hydrogen chlorate, in th e first place, directly, as a substance taking p art in the chemical reaction ; and in th e second place w ith a small acceleration proportional to the qu an tity present, so th a t the substance has a coefficient of action independent of its being a p a rti cipant in th e reaction. Thus-R = aQ (1 + &Q), where Q represents quantity, R rate, a and 6 constants.
Variation in Hydrogen Chloride.-The variation of the rate w ith th at of hydrogen chloride is not of th is simple nature. I t would seem to be (1) an effect of the secondary order above m entioned (accelerative) on th e decomposition of hydrogen chlorate by itself, and in addition to this (2) an effect of both prim ary and secondary order on the decomposition of hydrogen chlorate w ith hydrogen chloride.
Variation in Potassium Chloride.-The addition of this salt has a small accelerative effect on th e norm al rate proportional to its quan tity. I t thus appears to be a n eu tral salt not tak in g p a rt in the reaction.
If a m ixture of solutions of potassium chlorate and hydrogen chloride in molecular proportion between 1 : 2 and 1 : 12 is made, complete double decomposition ensues, the hydrogen chlorate formed, in presence of the hydrogen chloride rem aining, liberates oxidising
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[Dec. 13, m aterial, and th e potassium chloride form ed exercises its specific influence on th is reaction. The secondary action upon potassium iodide producing iodine is practically an instantaneous one, unless th e q u a n tity of th is substance is below a certain m inim um . Below th is th e velocity observed in the m ixture will be less th an norm al. T he effect of increasing the amount of this substance to m uch g rea ter th a n th e m inim um is closely analo gous to th a t of a sim ilar increase of any n e u tra l salt.
The velocity is an exponential function of th e tem perature, as was observed in M essrs. H a rc o u rt and E sson's investigations. As the la tte r increases in arithm etical progression, the form er increases in geom etrical progression. The ra te is about doubled fo r a rise of 5° 0. The ratio in th is progression is not, however, absolutely constant, but varies a little w ith th e tem p e ra tu re a t w hich i t is taken. Thus betw een 0° and 15° C. th e ra te is a little m ore th a n doubled for a rise of 5° ; betw een 20° and 30° i t is a little less th a n doubled.
IV. " Determination of the Viscosity of W ater." By A. Mallock.
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The experim ents here described, w hich w ere m ade d u rin g A p ril and M ay of th e p resen t year (1888), to determ ine th e constant of viscosity of w ater, m ay be of some in te re st on account of th e new ness of the m ethod employed, and also as being on ra th e r a larg e r scale than other experim ents w hich have been m ade w ith th e sam e object. Fig. 1 gives a section of th e ap p aratu s used. A and B are tw o coaxial c y lin d e rs ; of these A is m ounted on the vertical axis E , and can be m ade to ro ta te b y a b e lt passing over the wheel F . B is suspended by a long fine w ire C, and th e an n u la r space betw een A and B is filled w ith w ater or any o th e r fluid to be experi m ented on.
A little w ay above th e low er edge of B is fixed an a ir-tig h t dia p h rag m D, so th a t w hen th e space betw een the tw o cylinders is filled w ith liquid a ir is inclosed u n d e r D, a n d th e liq u id touches B only on the cylindrical surface.
The in terio r of B above D is filled w ith w ater w hich serves the purposes of checking th e torsional vibrations of B, of prev en tin g any rap id change of tem perature of th e liquid in th e annulus, and of holding th e therm om eter.
The experim ents were m ade by d riv in g th e cylinder A a t a uniform speed and recording th e angle th ro u g h w hich B is tu rn e d when it comes to re s t under th e action of th e fluid frictio n on its cylindrical surface and the torsion of the suspending w ire C. A was driven by
